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ABSTRACT: Erythrosine, a popular food dye, undergoes fast O2-sensitive bleaching in water when subjected to visible light 
illumination. In dilute solution, Erythrosine undergoes photo-bleaching via first-order kinetics, where the rate of bleaching 
depends critically on the rate of photon absorption and on the concentration of dissolved oxygen. Kinetic studies indicate 
that this inherent bleaching is augmented by self-catalysis at higher concentrations of Erythrosine and on long exposure 
times. Under the conditions used, bleaching occurs by way of geminate attack of singlet molecular oxygen on the chromo-
phore. Despite the complexity of the overall photo-bleaching process, the rate constants associated with both inherent and 
self-catalytic bleaching reactions follow Arrhenius-type behavior, allowing the activation parameters to be resolved. Bleach-
ing remains reasonably efficient in the solid state, especially if the sample is damp, and provides a convenient means by 
which to construct a simple chemical actinometer. 
INTRODUCTION 
Organic dyes1,2 are useful colorants for a variety of ap-
plications, ranging from cosmetics to printing inks and 
to anti-counterfeit devices. Historically, such dyes were 
selected for the strength and range of their colors and 
many, for example indigo, have played an important 
role in shaping our lifestyle.3 More recently there has 
been a move toward identifying non-toxic dyes that dis-
solve readily in water.4,5 These latter compounds are 
highly attractive to the food industry6 and are popular 
with artists, while being valuable agents for bio-conju-
gation.7,8 A major concern for all organic dyes relates to 
their likely instability under prolonged exposure to vis-
ible light. Indeed, photo-degradation can be a serious 
limitation for certain classes of dye,9 although engineer-
ing (e.g., the omission of molecular oxygen and intro-
duction of screens or filters) can provide important lev-
els of relief.10 Despite the practical inconvenience of dye 
photo-fading, there have been relatively few detailed 
studies describing the kinetics of light-induced degra-
dation under controlled conditions.11-16 Such studies 
might be complicated by auto-catalysis17 and invariably 
require multiple numbers of photons for complete 
bleaching of an individual molecule. Mechanistic stud-
ies are especially difficult in those cases where the quan-
tum yields are very low. It might be mentioned that the 
photo-fading process is used routinely for measuring 
diffusion coefficients via Fluorescence Recovery after 
Photo-bleaching (FRAP).18 
Here, we report on the photochemical degradation of 
Erythrosine in aqueous solution with particular refer-
ence to its temperature dependence. Erythrosine is a 
water-soluble, cherry-pink dye with a long tradition as 
a food colorant.19 It is commonly used in fruit cocktails 
but has additional applications in printing ink, as a sen-
sitizer for orthochromic photographic plates, and as a 
biological stain.20 Our interest in this compound stems 
from its known ability to function as a triplet state 
photo-sensitizer in water. Indeed, Xanthene dyes21,22 in 
general are promising sensitizers for antimicrobial stud-
ies23,24 because of their relatively low toxicity, high tri-
plet energies, near-quantitative triplet state quantum 
yields and relatively long triplet lifetimes. The interest 
in killing bacteria by way of photodynamic therapy25 has 
led to further development of new sensitizers. Some of 
these reagents look promising but would be subject to 
lengthy clinical and legislative regulation. More imme-
diate benefits might arise from the use of compounds 
already employed in the food industry.  
One aspect of these photosensitizers, often over-
looked in the search for optimum performance, is the 
need to eliminate the compound from the system at the 
conclusion of the process. This can be done most con-
veniently by photochemical means since the system is 
already under illumination (Figures S1 and S2). In turn, 
this situation demands a detailed understanding of the 
photo-fading kinetics such that destruction of the sen-
sitizer occurs only on completion of the desired photo-
chemistry. Optimization of the sensitizer concentration 
is a key requisite in the challenge to achieve optimal 
 performance in terms of product yield and dye deple-
tion. When sunlight is used to drive the reactions, this 
being the only sustainable way to promote largescale 
photochemistry, the temperature of the aqueous reser-
voir will increase markedly during the reaction. Hence 
the need to measure activation parameters for the 
photo-fading processes. Such studies are rare. 
RESULTS and DISCUSSION 
Background 
In water, Erythrosine exhibits an absorption maxi-
mum at 530 nm, with a molar absorption coefficient at 
the peak of 75,000 M-1 cm-1, and shows weak fluores-
cence centered at 550 nm (Figure S3). The compound in 
water follows Beer’s law over a wide concentration 
range, covering that relevant to this work (Figure S4). 
The fluorescence quantum yield in dilute aqueous solu-
tion is 3% while the excited-singlet state lifetime is 0.25 
ns. The corresponding triplet-excited state can be de-
tected readily by transient absorption spectroscopy fol-
lowing laser excitation at around 520 nm (Figure S5). At 
low laser intensity, the triplet state decays via first-order 
kinetics with a lifetime of ca. 150 s in the absence of 
molecular oxygen. This latter species shortens the tri-
plet lifetime; the corresponding bimolecular rate con-
stant being 1.4 x 109 M-1 s-1 for aqueous solution at 20 0C. 
The product of this interaction is singlet molecular ox-
ygen (O2(1g)), formed via electronic energy transfer, 
although superoxide ions might also be formed in low 
yield under certain conditions.  
Figure 1. Stepwise bleaching of Erythrosine in air-equilibrated 
water under broadband illumination. The inset shows kinetic 
plots in the absence (red circles) and presence (black circles) 
of molecular oxygen. 
The quantum yield26 for formation of O2(1g) in air-
saturated D2O is 0.68 at 20 0C under conditions where 
the triplet quantum yield (T = 0.97) is close to unity. 
Singlet molecular oxygen, which has a lifetime of ca. 4 
s in H2O,27 can attack Erythrosine to initiate the 
bleaching process.28 Here, we address the kinetics of the 
photo-fading reaction and, in particular, consider the 
effects of temperature and chromophore concentration 
on the rate of dye degradation. To the best of our 
knowledge, there are no reports in the scientific litera-
ture describing the activation parameters associated 
with photo-bleaching of an organic dye. 
There have been several prior records29-32 of the 
photo-bleaching of Xanthene dyes in water but few 
quantitative details are available. Consequently, prelim-
inary studies were made to assess the significance of 
photo-bleaching by exposing an air-equilibrated, aque-
ous solution of Erythrosine to white light. Under such 
conditions, the main absorption transition centered at 
530 nm bleaches. There are no colored products but ab-
sorption spectroscopy indicates the build-up of one or 
more species absorbing in the near-UV region (Figure 
1). These latter products, which are either formed in low 
yield or possess a weak molar absorption coefficient, are 
relatively stable towards further illumination. After sat-
urating the solution with N2, the photo-bleaching pro-
cess is much less evident but still proceeds at a measur-
able rate (Figure 1). Laser flash photolysis studies carried 
out in deaerated aqueous solution have shown33 that the 
rate of decay of the triplet-excited state increases with 
increasing concentration of Erythrosine. The bimolecu-
lar rate constant for this reaction, which is a kind of self-
quenching process, is 4 x 108 M-1 s-1. This situation is far 
from uncommon34 and could be the reason why photo-
fading occurs in the absence of molecular oxygen. In air-
equilibrated solution at the highest substrate concen-
tration used here, self-quenching will account for less 
than 3% of the total triplet-state deactivation. 
At 20 0C, monochromatic ( = 523 nm) illumination of 
Erythrosine in air-equilibrated water leads to loss of 
color. No change occurs in the dark and, as mentioned 
above, the rate of photo-bleaching is decreased signifi-
cantly on removal of dissolved oxygen. The course of re-
action is insensitive to changes in pH at pH greater than 
4. The initial rate of photo-bleaching increases linearly 
with increasing light intensity (see later), as might be 
expected for a photo-induced reaction. At fixed incident 
light intensity, the rate shows a linear dependence on 
the fraction of light absorbed by the chromophore. 
Thus, the rate of photo-bleaching depends critically on 
the rate of photon uptake. 
The usual consequence of attack by O2(1g) on an aryl 
heterocycle in solution is an endoperoxide.35 In water, 
this latter species will re-arrange to form stable prod-
ucts derived from substitution at the hydroperoxide 
group.36,37 For Erythrosine, it was found that a partially 
bleached solution formed an instantaneous precipitate 
on treatment with AgNO3 solution. It was observed, 
however, that the addition of KI (ca. 1 mM) to a solution 
of Erythrosine in aerated H2O has essentially no effect 
on the rate of photo-bleaching, although iodide is 
 
 known to quench singlet molecular oxygen.38,39 Exami-
nation of partially bleached solutions of Erythrosine in 
D2O by 1H- and 13C-NMR spectroscopy was inconclusive 
as to the nature of the final products (Figures S6-S8). 
Figure 2. Examples of semi-logarithmic fits to Equation 1 for 
the photo-bleaching of Erythrosine in air-equilibrated water 
at 20 0C. Initial concentrations of Erythrosine are: C1 = 0.91 M; 
C2 = 3.03 M; C3 = 6.77 M; C4 = 10.8 M; C5 = 19.5 M. 
Table 1. Kinetic parameters derived for the photo-
bleaching of Erythrosine in air-equilibrated water at 
20 0C. 
[ER]0 / 
M 
IABS / 
     % (a) 
0 / 
M min-1 (b) 
kF / 
min-1( c) 
0.91 14.5 0.0192 0.0216 
3.03 40.7 0.0515 0.0138 
6.77 69.0 0.0838 0.0136 
10.8 84.5 0.100 0.0112 
19.5 96.6 0.127 0.0090 
(a) Percent light absorbed by the sensitizer according to 
Equation 2. (b) Initial rate of photo-bleaching. (c) Apparent 
first-order rate constant for bleaching derived according to 
Equation 1.  
Concentration Dependence 
The absence of colored products allows kinetic meas-
urements to be made by following absorbance changes 
at wavelengths around the peak maximum (Figures S9-
S15). This can be done most conveniently by illuminat-
ing an aqueous solution of Erythrosine with an LED 
emitting at 523 nm and detecting the amount of trans-
mitted light with an appropriate photocell (Figure S1). 
At modest concentrations (i.e., 3 M, where the dye ab-
sorbs ca. 40% of the incident light intensity at the onset 
of the experiment), the rate of photo-bleaching appears 
first-order with respect to Erythrosine (Figure 2); a sim-
ilar conclusion was reached40 earlier for photo-bleach-
ing of Phloxine B in water. First-order kinetics with re-
spect to Erythrosine are likewise observed at all concen-
trations less than ca. 7 M (Figure 2). However, the ap-
parent first-order rate constant, kF, derived from Equa-
tion 1 depends on the initial concentration of Erythro-
sine (Table 1). Here, [ER] and [ER]0 refer, respectively to 
Erythrosine concentrations at time t and before starting 
illumination. This situation might reflect differences in 
penetration depth, non-homogeneous illumination is-
sues or, more likely, point to a complex mechanism. 
                𝑙𝑛[𝐸𝑅] = 𝑙𝑛[𝐸𝑅]0 − 𝑘𝐹𝑡                      (1)  
At 20 0C under monochromatic illumination, the ap-
proximate quantum yield for photo-bleaching, meas-
ured from the absorbance change at 530 nm, is around 1 
x 10-3. This value is very much lower than the quantum 
yield26 for formation of singlet molecular oxygen ( = 
0.68) under comparable conditions. This indicates that 
the rate-limiting factors are set essentially by the rate of 
formation of O2(1g) rather than the subsequent chemi-
cal modifications35-37 leading to formation of the final 
product.  
                           𝐼𝐴𝐵𝑆 = 1 − 10
−𝐴                         (2) 
                       𝑃𝑂 =
𝑘𝐵[𝑂2]
𝑘𝐵[𝑂2]+ 𝑘𝐷
                               (3) 
                                𝑃∆ =
ΦΔ
𝑃𝑇
                                (4) 
                     𝑘𝐹 = (𝐼𝜆𝐼𝐴𝐵𝑆𝛾) × 𝑃𝑇 × 𝑃𝑂 × 𝜅             (5) 
                            𝑃𝑄 =
𝑘𝑄[𝐸𝑅]
𝑘𝑄[𝐸𝑅]+𝑘∆
                           (6) 
At an Erythrosine concentration of 3 M, it was ob-
served that both the apparent first-order rate constant, 
kF, and the initial rate of photo-bleaching, 0, decreased 
linearly with decreasing light intensity, I (Figure S16). 
Apart from changing the incident light intensity, the 
rate of photon uptake also varies according to the frac-
tion of light absorbed, IABS, by Erythrosine according to 
Equation 2. Here, A refers to the absorbance in a 1 cm 
cuvette at 523 nm. In fact, it was observed that the prod-
uct of kF, I and IABS remained constant across several 
sets of conditions. The initial rate of photo-bleaching 
depends also on the concentration of dissolved oxygen. 
To be more precise, 0 depends on the probability, PO, 
with which O2 quenches the triplet state of Erythrosine 
under the experimental conditions. This particular term 
can be expressed by way of Equation 3, where kB (= 1.4 x 
109 M-1 s-1) refers to the bimolecular rate constant for 
quenching triplet Erythrosine by O2 and kD (= 6.7 x 103 
s-1) refers to the corresponding rate constant for decay 
of the triplet state in the absence of O2. Under our con-
ditions, PO is essentially unity. We can define the prob-
ability, P, with which interaction between the triplet 
state and O2 leads to formation of singlet molecular ox-
ygen in terms of Equation 4. Here, PT (= 0.97) is the 
probability for formation of the triplet excited state and 
 (= 0.68) is the quantum yield for formation of singlet 
molecular oxygen.  
 
 It was observed that, at constant incident light inten-
sity, the rate of photo-bleaching of Erythrosine could be 
well described in terms of Equation 5, where  is simply 
a factor for converting the incident light intensity into 
photons per minute. This expression, with the partition 
coefficient reflecting the likelihood that triplet 
quenching will lead to product formation, was found to 
hold under all conditions except for long exposure times 
at high Erythrosine concentrations. It will be noted that 
Equation 5 does not include the concentration of 
Erythrosine in any form other than its role as an ab-
sorber (i.e., a sensitizer for formation of singlet molecu-
lar oxygen). This might seem unusual since part of the 
overall reaction scheme should include a term for trap-
ping singlet oxygen via chemical modification of the 
substrate; in this case the substrate is also the sensitizer. 
This leads to Equation 6 where kQ is the bimolecular 
rate constant for chemical trapping of O2(1g) by 
Erythrosine and k (= 2.5 x 105 s-1) is the rate constant41 
for nonradiative decay of O2(1g) in water. We do not 
have a direct measure of kQ but, from literature infor-
mation,35 this term is unlikely to exceed a value of ca. 107 
M-1 s-1. As such, PQ will be essentially zero, even at the 
highest concentration of Erythrosine used in this work.  
This situation can be rationalized in terms of a certain 
fraction of O2(1g) reacting with the sensitizer immedi-
ately after excitation energy transfer. Assuming activa-
tion of O2 occurs via the electron exchange42 (i.e., Dex-
ter-type electronic energy transfer) mechanism, there 
must be orbital contact between Erythrosine and O2. 
The geminate bleaching proposed here would involve a 
fraction of O2(1g) reacting with the sensitizer before 
dissociation of the contact pair. This geminate pair can 
dissociate by way of diffusive separation (kSP), followed 
by nonradiative deactivation of O2(1g), or undergo 
chemical modification (kP) to yield a product, EROO, as 
summarized by way of Scheme 1. Comparing  with the 
quantum yield for photo-bleaching, the probability of 
reaction within the geminate pair is around 0.1% 
Scheme 1. Summary of the key steps leading to photo-
bleaching of Erythrosine in aerated water, with P1 and 
P2 representing products from inherent and self-cat-
alyzed reactions. 
Figure 3. Example of kinetic analysis in terms of inherent and 
auto-catalytic bleaching reactions, with the solid line drawn 
through the data points representing a fit to Equation 7. The 
initial concentration of Erythrosine was 20 M. 
Self-Catalysis at Higher Concentrations 
At Erythrosine concentrations above ca. 7 M there is 
a marked positive deviation from first-order kinetics, 
even over short illumination periods (Figure 3). This 
suggests that a product formed during the inherent 
photo-bleaching reaction enters into the chemistry and 
augments the quenching of triplet erythrosine. Accord-
ing to this model (Scheme 1), the kinetic data can be an-
alysed in terms of Equation 7, which allows for self-ca-
talysis.43 Here,  refers to the observed rate of reaction, 
k1 is the first-order rate constant for primary (i.e., inher-
ent) photo-bleaching and k2 is the corresponding bimo-
lecular rate constant for self-catalysis.44 
         
𝜔
[𝐸𝑅]
= (𝑘1 + 𝑘2[𝐸𝑅]0) − 𝑘2[𝐸𝑅]               (7) 
Table 2. Summary of kinetic parameters extracted 
from fitting the bleaching data to Equation 7. 
[ER]0 / 
M 
T / 
0C 
[O2] / 
M 
k1 / 
min-1 
k2 / nM-1 
min-1 
8.1 20 0.232 0.0093 0.39 
19.5 10 0.285 0.0049 0.31 
19.5 20 0.232 0.0069 0.46 
19.5 30 0.196 0.0082 0.63 
19.5 40 0.172 0.0091 0.82 
19.5 50 0.156 0.0122 0.92 
19.5 60 0.145 0.0137 1.01 
19.5 70 0.138 0.0172 1.34 
 
Analysis of the photo-bleaching data in terms of 
Equation 7 allows determination of the two rate con-
stants (Figure 3). The apparent first-order rate constant, 
k1 = 0.0069 min-1) can be equated with kF considered at 
lower concentrations, although different incident light 
intensities were used for the different experiments. The 
derived values are collected in Table 2. The rate con-
stant for self-catalysis, k2, at 20 0C was found to be 0.46 
nM-1 min-1 at an initial Erythrosine concentration of 20 
 
 
 M. Similar values were recovered at lower (i.e., 8 M) 
concentration (Table 2) and at different incident light 
intensities. 
Confirmation that auto-catalysis is likely for this reac-
tion was obtained by illumination of Eruthrosine in the 
presence 0.05 M furfuryl alcohol. This compound is 
used as a trap for singlet molecular oxygen,45 where re-
action leads to the formation of labile peroxides and hy-
droperoxides. The rate of photo-bleaching of Erythro-
sine is accelerated by the presence of the substrate (Fig-
ure S17). We interpret this result in terms of furfuryl al-
cohol intercepting singlet molecular oxygen generated 
from the triplet-excited state of Erythrosine to form 
highly reactive peroxyl species.46-48 Subsequent dark re-
actions with Erythrosine lead to further bleaching of the 
dye. In auto-catalysis,49-52 the primary breakdown prod-
ucts replace the peroxyl species formed from furfuryl al-
cohol. There is no recovery of coloration on leaving a 
bleached sample in the dark. 
The overall bleaching process is “collectively auto-
catalytic” since one or more products form and promote 
further bleaching of the chromophore. The best known 
examples of auto-catalytic reactions are the Belousov-
Zhabotinsky clock reactions, although certain hydroly-
sis reactions are also believed to exhibit auto-catalysis. 
Other well-known examples include the spontaneous 
degradation of aspirin to salicyclic acid and DNA repli-
cation. Photochemical examples are less common but 
the bleaching of a dye in the presence of a reactive sub-
strate such as furfuryl alcohol seems a likely candidate. 
The normal signature of auto-catalysis is a sigmoidal 
variation in product concentration with reaction time. 
It is also a basic requirement that the reaction order is 
nonlinear since at least one step involves the square of 
concentration. A complication particular to the bleach-
ing studied here is that the number of absorbed photons 
changes as the reaction proceeds. This effect can disturb 
the shape of the product evolution profile.  
It is also clear that self-catalysis serves to augment the 
overall bleaching but by itself provides only a modest 
acceleration in rate. The primary bleaching process in-
volves attack on Erythrosine by O2(1g). The fact that 
auto-catalysis occurs only at relatively high concentra-
tion of Erythrosine is taken as being indicative of a dark 
reaction. The most likely scenario is that Erythrosine in-
tercepts a peroxyl species formed during primary attack 
by O2(1g) before it can undergo chemical modification 
to form an unreactive permanent product (Scheme 1). 
Temperature Dependence 
At a fixed Erythrosine concentration of 3 M, the ap-
parent first-order rate constant kF derived from Equa-
tion 1 shows a modest dependence on temperature and 
increases more than 2-fold on raising the temperature 
from 20 to 60 0C. The adherence to Equation 1 can be 
used to argue that the mechanism remains the same 
over this temperature variation. Indeed, most of the 
terms associated with Equation 5 are essentially insen-
sitive to temperature but this is not so for the concen-
tration of dissolved molecular oxygen (Table 2). The 
probability for quenching the triplet-excited state by O2, 
however, remains in excess of 0.95 at all accessible tem-
peratures because of the long inherent triplet lifetime. 
It can be seen that kF varies smoothly with temperature 
over the available range (Figure 4). The rate constants 
follow Arrhenius behavior and give rise to an effective 
activation energy of 17.1 ± 1.0 kJ/mol and a pre-exponen-
tial factor of 15.6 min-1 (Figure 3). The latter value pro-
vides strong confirmation that our standardized exper-
imental conditions are well short of being optimal for 
bleaching because of the low concentration of Erythro-
sine.  
Figure 4. Arrhenius-type plots for the (a) inherent first-order 
rate constant and (b) the auto-catalytic reaction determined 
for photo-fading of Erythrosine in air-equilibrated water. The 
solid lines correspond to least-squares, non-linear fits to the 
Arrhenius expression. 
The derived activation energy is modest53 but we 
could not find any meaningful comparator in the litera-
ture. In fact, it seems reasonable to suppose that this pa-
rameter is associated with addition of molecular oxygen 
across one of the double bonds present in Erythrosine 
within the geminate pair. The resultant product (i.e., 
EROO in Scheme 1) is liable to hydrolyze in water and 
there are crude indications for the release of halide ions. 
Gorman et al.36 have shown that the diffusional addition 
of singlet molecular oxygen across double bonds pro-
vided by simple alkenes involves an activation energy 
close to zero. Such reactions are driven by entropic 
changes. It has also been reported54 that the lifetime of 
O2(1g) in water is insensitive to changes in tempera-
ture. The measured activation energy must be related to 
partitioning of the encounter complex, as expressed in 
 
 Equation 5 in the form of . In the simplest case, this 
represents competition between kSP and kP (Scheme 1). 
The former is not expected to show a significant tem-
perature dependence since the density of water does not 
change much over the temperature range of interest. 
That suggests to us that the activation energy is mostly 
associated with kP. 
At higher concentration of Erythrosine, it was found 
that k2 increased progressively with increasing temper-
ature (Table 2). Indeed, k2 follows Arrhenius-type be-
havior over the accessible temperature range, giving an 
activation energy of 18.5 kJ/mol while the extrapolated 
maximum k2 value is 0.9 M-1 min-1. It is less surprising 
that k2 might follow an activated route since the key re-
action must involve diffusional contact between 
Erythrosine and a product from its chemical break-
down. Indeed, other auto-catalytic reactions have been 
reported55-57 to proceed via an activated process. The ac-
tivation energy derived here for Erythrosine photo-
bleaching is closely comparable to that for the inherent 
bleaching step, indicating perhaps a similarity between 
the two processes. Using furfuryl alcohol as a model, we 
can speculate that auto-catalysis involves reactions of 
peroxyl species with Erythrosine (Scheme 1). Such 
chemical processes, which are often chain reactions in-
volving free radicals, are known to involve small activa-
tion barriers.58 
Our understanding of this self-catalysis is based on a 
dark reaction between Erythrosine and one of its inter-
mediary breakdown products. It is easy to imagine that 
the latter (stable) intermediate (i.e., EROO in Scheme 1) 
will degrade faster at higher temperatures. This makes 
it more challenging for Erythrosine to intercept the in-
termediate before its conversion to a benign product 
(i.e., P2 in Scheme 1). Temperature, therefore, plays a 
key role in the overall bleaching chemistry and it be-
comes essential that we extend our knowledge of such 
processes if we are to control the photo-fading steps. 
Bleaching in the Solid State 
Erythrosine is a readily available food dye with a char-
acteristic color and, as such, could make a convenient 
universal standard by which to compare and contrast 
the photo-stability of other dyes. This situation is made 
possible by the realization that bleaching occurs on a 
relatively fast timescale, at least in aerated aqueous so-
lution. For a viable standard photosystem, the most 
convenient protocol would utilize controlled bleaching 
of Erythrosine in the form of solid-state samples. This, 
of course, has implications for the photo-bleaching of 
dye adsorbed on textiles, printed on paper or painted on 
canvas. As a demonstration of this principal, we note 
that filter paper soaked in aqueous Erythrosine solution 
and dried makes an ideal medium for recording the 
beam characteristics of the LED used for illumination of 
the samples (Figure S2). For adsorbent paper (300 g/m2) 
soaked in Erythrosine solution, the pink coloration dis-
appears gradually on exposure to sunlight, leaving a 
progressively bleached panel. The difference is obvious 
to the naked eye even on short irradiations (see Table of 
Contents Entry). This makes for an excellent actinome-
ter since the residual color is a marker for the integrated 
number of absorbed photons. 
CONCLUSION 
This work has advanced our general understanding of 
the photochemical bleaching of organic dyes by report-
ing activation parameters for both the inherent first-or-
der step and the accompanying auto-catalytic process. 
Such information is essential, especially for exterior ap-
plications where exposure to sunlight will lead to an in-
evitable increase in temperature for the system. Indeed, 
evermore applications are being proposed for organic 
chromophores but little attention is being given to their 
stability under operating conditions. Of particular im-
portance is the observation that, at high concentrations 
of chromophore, self-catalysis becomes significant. For 
improved design of advanced reagents it is necessary to 
move away from serendipitous discovery of unusually 
stable dyes and to construct databases containing criti-
cal entries useful for the recognition of optimum exper-
imental conditions. It should be noted that the onset of 
self-catalysis means that the rate of bleaching takes on 
a significant time dependence. 
The bleaching reaction under consideration here is 
one of the simplest cases; involvement of singlet molec-
ular oxygen was confirmed by the realisation that the 
rate doubles in D2O relative to H2O (Figure S18). This 
latter effect arises because the lifetime of O2(1g) is in-
creased markedly in D2O.41 Under such conditions, 
product formation is enhanced because of diffusional 
attack by singlet oxygen, a process denied in H2O. Even 
so, the probable involvement of peroxyl species makes 
it difficult to control the rate. In the absence of an acti-
vation barrier and under our experimental conditions, 
the inherent rate constant for bleaching of Erythrosine 
in aerated water is 16 min-1. Converting this rate to a for-
mal quantum yield for photo-bleaching leads to a value 
of 0.001 at 20 0C under conditions where all incident 
light is absorbed at the onset. At 50 0C, a temperature 
easily reached under direct sunlight, the quantum yield 
is doubled. Auto-catalysis increases both the rate and 
quantum yield. A net result is that Erythrosine is too 
susceptible to photo-degradation to be proposed as a vi-
able sensitizer for sustainable photochemical processes. 
It is ideal, however, for use as a sensitizer for any process 
where the final product distribution needs to be color-
less. It is also apparent that a simple chemical actinom-
eter can be formulated by impregnation of the dye onto 
adsorbent paper. 
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